Abstract-Though experiments, variation of a diesel engine exhaust energy is studied, a set of ORC system is designed and set up. The variation of running performance of an ORC (organic Rankine cycle) system under engine varying working conditions is analyzed, the effects of evaporating pressure on the ORC system is discussed, the improvement extent of engine thermal efficiency, brake specific fuel consumption (BSFC) after the engine is coupled with a set of an ORC system is studied. The research shows that, when evaporating pressure being 3MPa, engine speed being 2200r/min and engine torque being 1200N· m separately, the net power output of the ORC system, engine thermal efficiency increasing ratio (ETEIR), and the Improvement ratio of BSFC all hits the maximum values, being 22.41kW, 8.085%, 7.423% respectively.
I. INTRODUCTION
IC (internal combustion) engines have taken away a good deal of oil resources, while their thermal efficiencies still have deep potential to improve. Most energy released from the fuel combustion in the cylinder has been carried off by the exhaust and cooling medium, wasting energy and causing severe environmental problems [1] . Therefore, how to highly effectively recover and utilize this kind of energy is very necessary, with which the energy consumption and pollutant emission all can be reduced.
The ORC technology, used for heat-work conversion, can convert the medium-low waste heat into useful work for output, and has been studied and applied in many areas [2] - [6] . Pierobon et al. [7] designed an organic Rankine cycle system to recover the waste heat from a gas turbine. El-Emam et al. [8] analyzed the running performances on a geothermal regenerative ORC system. Wang et al. [9] designed an organic Rankine cycle system driven by solar energy. Marion et al. [10] analyzed the effects of wind, ambient temperature and solar radiation on the simultaneous productions of mechanical work and heat by a solar Rankine cycle.
Currently, some scholars are considering how to use the ORC technology to recover the exhaust heat of the IC engine [11] - [14] . Peris et al. [15] utilized an organic Rankine cycle system to recover the coolant energy of engines. Meinel et al. [16] engines by using an organic Rankine cycle system. Hajabdollahi et al. [17] studied the thermal efficiency and cost of the diesel engine-ORC system. Domingues et al. [18] analyzed the exhaust waste heat recovery potential by using a Rankine cycle. In conclusion, ORC system can effectively recover the waste heat, thereby, increase the engine thermal efficiency.
In this paper, we have achieved a full set of experiment data of a diesel engine in the whole operating range, also we studied variation of the exhaust energy and the running performance of the ORC system in engine varying range. Afterwards, we discussed the effects of the evaporating pressure on the ORC system performance, and analyzed the improve degree of the diesel engine thermal efficiency when the engine is coupled with an ORC system.
II. DIESEL ENGINE EXPERIMENTS
With experiment, we achieved the test data of a six-cylinder four-stroke vehicle diesel engine. To highly effectively recover and utilize the waste heat in the engine whole operating range, we have studied the variation of the exhaust energy in different working conditions. Through equation (1) , the exhaust energy can be computed. Fig. 1 is the variation of the available exhaust energy under engine varying working conditions. With the increase of the engine torque and speed, the available exhaust energy increase gradually. When engine speed being 2200r/min and engine torque being 1200N· m, the available exhaust energy hits the maximum value, which is roughly 290kW. The rated output power of this diesel engine is 280kW. Fig. 2 is the variation of the Brake Specific Fuel Consumption (BSFC) of the diesel engine. As can be seen, when the engine running at high speed and low torque working condition, BSFC has bigger values; when engine speed being roundly 1100r/min and torque being roughly 1300N· m, BSFC is minimum. 
III. ORC MODEL INTRODUCTION
A set of simplified ORC system is designed to recover the exhaust energy of the vehicle diesel engine, the exhaust temperature, as the high temperature heat source of the ORC system, is used for heating the organic working fluids. Fig. 3 is the schematic diagram of the ORC system, mainly covering the diesel engine, evaporator, expander, condenser, liquid reservoir and pump. The working fluids chosen for the ORC system is R245fa. The power output of the expander is computed with the equation below.
The heat exchange amount of the condensation process is computed with the equation below.
) (
The power consumed by the pump is computed with the equation below.
The heat exchange amount of the heat absorbing process is computed with the equation below.
The net power output of the ORC system.
In order to evaluate the running performance of the combined system, we proposed a concept called engine thermal efficiency increasing ratio (ETEIR), output energy density of working fluid (OEDWF), waste heat recovery efficiency (WHRE) and Improvement ratio of brake specific fuel consumption.
The equation for computing the ETEIR is as follows:
The equation for computing the OEDWF is as follows:
The equation for computing the WHRE is as follows: 
IV. INTERPRETATION OF RESULT
With research, we concluded that, when engine torque is
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less than 300N· m, the appearing position of the pinch point temperature difference between engine exhaust and working fluids changes, therefore, in the following analysis, the working conditions of the engine torque being less than 300N· m is not considered. Fig. 5 is the variation of the net power output under different evaporating pressures. With increase of engine speed and torque, the net power output of the ORC system increase gradually. This mainly because, with increase of the engine speed and torque, the available exhaust energy increase gradually, then more working fluids can be evaporated for doing work. When the engine running condition is constant, the net power output of the organic Rankine cycle system increase gradually with increase of evaporating pressure. When evaporating pressure being 3MPa and engine speed being 2200r/min, the net power output of the ORC system hits the maximum value, roundly 22.41kW. 6 shows the variation of the mass flux of the working fluids at different evaporating pressures. When evaporating pressure being constant, with the increase of engine speed and torque, the mass flux of the working fluids increase gradually. This mainly depends on the amount of the available engine exhaust energy. When the engine runs at constant working condition, with the increase of the evaporating pressure, the net power output of the ORC system decreases gradually. It can be seen from the figure, under different engine working conditions, the mass fluxes of the working fluids evaporated are different. Therefore, to highly effectively recover and utilize the exhaust energy under engine whole operating range, it's necessary to regulate the mass flux of the working fluids in accordance with the engine running conditions. It can be seen from Fig. 5 and Fig. 6 , with increase of evaporating pressure, the net power output of the ORC system increase, while the mass flux of the working fluids decreases, explaining that, at different evaporating pressures, the power outputs of the unit organic working fluids are different. Fig. 7 is the variation of the OEDWF under different evaporating pressures. With increase of evaporating pressure, OEDWF increases gradually. When evaporating pressure being 3MPa, OEDWF is the maximum value, roughly 10.77kJ. It can be concluded from the analysis above, when evaporating pressure being 3MPa, the ORC system has the optimal performance. In the following study, we only discuss, when evaporating pressure being 3MPa, the running performance of the combined system. In order to evaluate the improve degree of the engine thermal efficiency after the engine is coupled with a set of ORC system, we propose a indicator called engine thermal efficiency increasing ratio (ETEIR). Fig. 8 is the variation of the ETEIR under engine whole operating range. It can be seen from the figure, the variation of ETEIR is relatively complex, when engine speed being 2200r/min and torque being 1200N· m, ETEIR has the maximum value, roundly 8.085%. 9 shows the improvement ratio of the engine BSFC after the engine is coupled with the ORC system. When engine runs at high speed and high torque condition, with increase of engine speed and torque, the improvement ratio of the BSFC increase gradually. When engine speed being 2200r/min and engine torque being 1200N· m, the improvement ratio of the BSFC hits the maximum value, roughly 7.423%. This is mainly affected by the exhaust temperature, the net power output of the ORC system and the engine power output as well.
To evaluate the extent of recovering and utilizing the energy exhaust energy, we propose an indicator called waste heat recovery efficiency (WHRE). Fig. 10 is the variation of WHRE under engine different working conditions. WHRE increase with the engine torque. When engine speed being 2200r/min and engine torque being 1200N· m, WHRE hits the maximum value, roundly 7.729%. This primarily influenced by two factors: engine exhaust energy and the net power output of the ORC system. Fig. 9 . Improvement ratio of BSFC for the engine. 
V. CONCLUSIONS
This paper is summarized as the following three points: 1) With the increase of the evaporating pressure, the net power output of the ORC system increase, while the mass flux of the working fluids decreases gradually. This explains, with the increase of evaporating pressure, OEDWF increase gradually, when evaporating pressure being 3MPa, OEDWF hits the maximum value, roundly 10.77kJ. 2) Generally, the exhaust energy of the diesel engine varies with time, to highly effectively recover and utilize the exhaust energy under the whole diesel energy operating range, should regulate the mass flux of the working fluids in line with the varying of the exhaust energy. 3) When engine speed being 2200r/min and engine speed being 1200N· m, the net power output of the ORC system, engine thermal efficiency increasing ratio (ETEIR), waste heat recovery efficiency (WHRE) and the Improvement ratio of BSFC all hit the maximum value, being 22. 
